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B field

How might our techniques be useful?

http://alanstonebraker.com/




Levitated optomechanics

Cooling and trapping particles 
levitated in vacuum 

High Q oscillators sensitive to 
external forces

6 important motional degrees of 
freedom



















Can we can differentiate between particles with 
different shapes?

Can we use to identify any shape?

Characterisation



Characterisation



Levitodynamicspectroscopy



Levitodynamicspectroscopy

nm resolution possible



Angular scattering



Ellipsoid



Single nanoparticle 
characterisation





Cooling via collisions



Cold atoms - He* 



Repulsive potential 

Very long-range Coulomb like 
repulsive potential 

Cross section is 6 orders larger 
than physical cross-section





Bound states 

Combining repulsive and attractive potentials

Casimir-Polder Optical





Interferometry? 

Trap freq 100 Hz -10 KHz

Particle oscillation of a few microns is 
much less than optical field extension

B gradient field for transverse S-G 

Creation superposition of Mz= 1,-1

Allow to fall in trap

S-G creates COM superposition

Close interferometer and measure phase 
change 

He* J=1, Mz=-1,0,1







Dark matter landscape





Directionality



State-of-the-art

Afek et al., Phys. Rev. A 104 053512

Monteiro et al., Phys. Rev. Lett. 125, 181102



Experimental Procedure

Trap 
nanoparticle 

Post process:
Impulse 

detection and 
reconstruction

Characterise
nanoparticle 

Monitor
nanoparticle

position



Experimental Setup



Experimental Setup



Feedback Cooling

Electrode 
Configuration



https://inspirehep.net/literature/486941



